Abstract. Anaerobic digestion of dairy manure and rice straw was conducted to produce biogas in batch reactor. Influence of temperature and substrate concentration were investigated. The experimental results showed that compared to room temperature and themophilic condition, mesophilic condition is more suitable for anaerobic digestion with 1.69 kgTS·m -3 ·d -1 of organic loading rates, 0.237 m 3 ·kg TS -1 of total solid (TS) biogas yields, and 0.401 m 3 ·m -3 ·d -1 of volumetric biogas yield respectively. Among five kinds of substrate concentration, 10% was more suitable for anaerobic digestion to produce biogas with total biogas production amount of 4710 mL after 30 days and 30 days was suitable retention time. These results could provide theoretical data for practical biogas engineering.
Introduction
Anaerobic digestion (AD) is a bioconversion process that has many advantages such as generating renewable energy in the form of biogas, producing organic fertilizer, and reducing environmental pollution [1] . Since biogas is a kind of recovering energy sources and can be utilized for replacement of fossil fuels to reduce greenhouse gases emission, AD is of significant environmental and ecological benefits [2] .
China is one of largest agricultural countries in the world and produces an enormous amount of crop and animal products each year, meanwhile large quantities of crop residues and animal manure are produced [3] . Animal manure and straw contain abundance of organic substance and nutrients, so using these matters as substrate of anaerobic digestion to produce biogas not only can decrease environmental pollution but also can reuse biomass resources [4] .
In AD, several parameters such as temperature, hydraulic retention time (HRT) and organic loading rate (OLR) are important for performance of the process [5, 6] . In fact, substrate concentration is also an important parameter and it could influence OLR and digestion biogas production performance. However, studies about substrate concentration are limited.
In this work, AD of dairy manure and rice straw was conducted to produce biogas in batch reactor. The effect of temperature and substrate concentration on anaerobic digestion were investigated.
Material and Method
Raw Materials. Dairy manure was collected from a scaled farm in Xiqing district, Tianjin city and was dried and shredded to particles less than 5 mm. Rice straw was obtained from experimental field at Tianjin Agricultural University and was dried and cut to average particle size of 3-5 mm manually. Inoculum was taken from a full scale thickener at Tianjin Xianyang Road Wastewater Treatment Plant and cultivated for two weeks at mesophilic condition (36 ℃ ) with dairy manure and rice straw as feed materials. Table 1 shows the characteristics of raw materials. Experimental Design. The schematic diagram is shown in Fig. 1 . The system consists of digestion bottle, gas collection bottle, water collection bottle, gas collection pipe and water collection pipe. The digestion bottle is constructed of glass with effective working volume of 0.5 L and is equipped with a rubber plug to keep anaerobic condition. A hole is bored through the rubber plug to fix plastic pipe for biogas collection. Dairy manure, rice straw and inoculation sludge were combined and placed in the digestion bottle, and tap water was also added to adjust TS content. Biogas produced from digestion bottle flew through gas collection pipe to gas collection bottle, which was filled with saturated salt water. Furthermore, saturated salt water was pressed through water collection pipe to water collection bottle, and then the volume of water was measured to calculate the biogas production. In order to investigate influence of temperature, three digesters were used and placed on an experiment bench, in a 36 ℃ water bath container and in a 53 ℃ water bath respectively to form room temperature condition, mesophilic condition and thermophilic condition. During this period, the range of room temperature was between 16.5℃ and 25.0℃. 50 g dairy manure and 50 g rice straw were combined and placed in each digester, and 50 mL inoculation sludge and 350 mL tap water was also added to adjust C/N=20-30 and TS=20%.
To discuss influence of substrate concentration, dairy manure and rice straw were combined and placed in five digestion bottles with the mass ratio of dairy manure and straw of 1:1. 50 mL inoculation sludge was also added. Different amounts of tap water were also added to five digestion units to form five kinds of substrate concentration of 20%, 15%, 10%, 5% and 2.5%, which was shown in table 2. All digestion units were placed in a 36 ℃ water bath container to form mesophilic condition. Analytical Methods. The main analysis items were biogas production, water bath temperature, total solid (TS), volatile solid (VS), total carbon (TC) and total nitrogen (TN) of raw materials. Biogas production and water bath temperature were monitored every day. TS, VS, TC and TN were measured prior to and at the end of digestion. Biogas was collected by water displacement method. All items were analyzed according to standard methods [7, 8] .
Results and Discussion
Influence of Temperature. The dairy and cumulative biogas production under three temperature conditions is shown in Fig. 2 . Room temperature unit had no biogas production for the first 15 days, and then produced small amount of biogas in the next 25 days with an average daily value less than 50 mL. From 40th day on digestion of room temperature ceased. Compared to room temperature unit, mesophilic unit and thermophilic unit started up more quickly and had higher biogas production. On 2nd day mesophilic unit and thermophilic unit attained first peak yield values of 805 mL and 1014 mL respectively. Then mesophilic unit attained another two peak values on 81th day and 99th day with the amount of 540 mL and 784 mL respectively. Different from mesophilic unit, thermophilic unit had earlier second peak on 53 day and higher biogas yield of 1002 mL. During whole period biogas production of thermophilic unit had more fluctuation than that of mesophilic unit.
From Fig. 2 it could be seen that room temperature unit had low cumulative biogas yield of 918.5 mL on 40th day. Other two units had almost equal cumulative biogas production during the initial 44th days. From 45th day on biogas production of thermophilic unit increased quickly till 62th day and then decreased gradually. At the end of 108th day cumulative biogas production of thermophilic unit was 20849.5 mL. Mesophilic unit had later biogas peak compared to thermophilic unit and biogas production increased gradually from 60th day. On the 100th day cumulative biogas production of mesophilic unit was larger than that of thermophilic unit and at the end of 118th day digestion cumulative biogas production was 23673 mL.
Experimental results showed that room temperature unit started slowly with less biogas production and thus is unsuitable for anaerobic digestion. In common microorganism has higher biological activity in thermophilic condition than in mesophilic condition [9] . In our experiment inoculation sludge was cultivated in mesophilic condition and so microorganisms were more adaptive in mesophilic condition than in thermophilic condition. As a result, thermophilic unit did not show higher biogas production than mesophilic unit. On the other hand, on thermophilic condition more energy would be provided to maintain digestion temperature, so mesophilic condition is more suitable for anaerobic digestion. As mentioned above mesophilic unit and thermophilic unit had been run for 118 days and 106 days respectively. Long digestion time is very suitable for rural area in North Chinese in winter, because it is very important for rural residents to conduct less feed material renewal in cold winter. However, in a batch reactor the shorter digestion time is, the smaller OLR is. Since this long digestion time, the OLRs of mesophilic unit and thermophilic unit were not high, which were 1.69 kgTS·m -3 ·d -1 and 1.89 kgTS·m -3 ·d -1 respectively. In our experimental cumulative biogas production amount of mesophilic unit and thermophilic unit at end of the digestion were 23673 mL and 20849. 5 Influence of Substrate Concentration. Under the condition of five substrate concentrations, the dairy biogas production of five units is depicted in Fig. 3 . The digestion test persisted for 80 days, which could be divided into first phase (first 30 days) and second phase (last 50 days). Biogas yield of first phase was high, so this phase was named biogas-producing peak phase. During this phase biogas yield of 20% substrate concentration had maximum biogas production of 840 mL, and that of 15% and 10% substrate concentrations exceeded 400 mL for several times. During second phase biogas yield of five substrate concentrations decreased apparently, which was less than 50 mL.
From Fig. 3 it also could be seen that biogas production of 20%, 15% and 10% substrate concentrations fluctuated more than that of 5% and 2.5% substrate concentrations. The range of daily biogas yield of 20% substrate concentration is 0-840 mL, whereas these of 5% and 2.5% substrate concentration were 0-178 mL and 0-81 mL respectively. It indicated that when substrate concentration increased, digestion units appeared apparent fluctuation of biogas production. As time increased, cumulative biogas production increased gradually. During whole digestion, cumulative biogas production of 20%, 15%, 10%, 5% and 2.5% substrate concentrations were 2693 mL, 1532 mL, 5826 mL, 2874 mL and 1726 mL. At the end of first phase cumulative biogas production of five kinds of substrate concentration is 2625 mL, 1265 mL, 4710 mL, 2400 mL and 1348 mL respectively, which accounted for 97.5%, 82.6%, 80.8%, 83.5% and 78.1% percent of total cumulative biogas production respectively. Experimental result showed that first 30 days was biogas production peak period, then from 30th day on biogas production decreased. It could be concluded that 30 days was suitable HRT under this experimental condition.
It was also found that mixture performances in digesters under different substrate concentrations were different. Mixtures of 2.5%, 5% and 10% were almost liquid with different amounts of settling substance in the bottom of digesters, and these liquids could easily flow with settling substance while shaking digesters. These of 15% and 20% were semisolid, which could hardly be moved even with intense shaking by hand. It is well known that biochemical reaction velocity is related with several factors including mass transfer velocity. It is obvious that digestion of 2.5% had maximum diffusion velocity of substrate, whereas diffusive transport may have strong influence on AD performance [10] . On the other hand, hydrolysis rate could rise with the increase of substrate concentration [11] . As a result, in this experiment 10% was more suitable for anaerobic digestion with total biogas production of 5826 mL at the end of 80th day.
Conclusion
Under the conditions of C/N=20-30 and mass ratio of 1:1, batch anaerobic co-digestion of dairy manure and straw can start up quickly with acclimated thickening sludge as inoculation sludge. Room temperature unit started slowly with less biogas production and is unsuitable for anaerobic digestion. The organic loading rates under thermophilic condition and mesophilic condition were 1 ·d -1 respectively. Compared to thermophilic condition, mesophilic condition is more suitable for anaerobic digestion. Under the condition of five kinds of substrate concentration of 20%, 15%, 10%, 5% and 2.5%, first 30 days was biogas-producing peak phase and should be suitable retention time. 10% was more suitable for anaerobic digestion with total biogas production of 5826 mL at the end of 80th day. 
